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Mollisols, the effect of humic acids from both sources will be evaluated and
compared in the weathering study. Therefore, the objective of this study is to
sorb humic and fulvic acids extracted from an Alfisol, Mollisol, and Histosol
to a soil clay suite and assess their influence on the weathering of the soil clay
mineral suite with a dilute mineral acid.

MATERIAL AND METHODS

Sorption of humic and fulvic acids and mineral dissolution studies were
conducted using the total clay fraction « 2 .um) from the Bt2 (48-61 cm)
horizon of a Xenia (fine-silty, mixed, mesic Aquic Hapludalf) pedon col-
lected from Warren County, Ohio, USA. Morphological and chemical de-
scriptions of the Xenia pedon are provided by Novak (1989).

Humic and fulvic acids were extracted from a Mollisol (Dana 2; fine-silty,
mixed, mesic Typic Hapludoll), an Alfisol (Rossmoyne; fine-silty, mixed,
mesic Aquic Fragiudalf), and a Histosol (Carlisle; euic, mesic Typic Medi-
saprist), purified, and characterized as described by Novak (1989) and No-
vak and Smeck (1990).

Total clay fractions were collected by two methods. In one method, HzOz
oxidizable organic matter was removed by treatment with HzOz whereas no
organic matter was removed in the other. In subsequent discussions, clays
collected by the former method will be referred to as oxidized clays and those
with the latter as unoxidized clays. Sorption studies were conducted with only
the oxidized clays whereas weathering studies were conducted with both clay
fractions. Collection of the clay fraction was facilitated by treatment with 1 M
NaOAc buffer (pH 5.0) to remove carbonate minerals. To obtain the oxi-
dized clays, the clays were treated with 30% HzOz to remove oxidizable or-
ganic matter. Following preliminary treatments, excess salts were removed by
washing with deionized water. Following dispersion, the clay fraction « 2
.um) was separated by sedimentation (Jackson, 1975) and flocculated by sat-
uration with 1M Ca (NO3)z. Eight sedimentation cycles were used to collect
the total clay fraction. The total Mg, K, and Fe contents of the clay fraction
were determined using the method of Bernas (1968). Slurries of clay speci-
mens collected prior to and following the weathering studies were Ca- and K-
saturated and pipetted onto glass slides for X-ray diffraction (Jackson, 1975).
The Ca-saturated clays were X-rayed after air drying and solvation with 1 %
glycerol. The K-saturated clays were X-rayed after air drying, after heating to
350°C for 2 h, and after heating to 550°C for 2 h. Samples were analyzed
with a Philips X-ray diffractometer using CuKa radiation, a theta compen-
sating slit, and a diffracted beam monochromator.

The optimum conditions for sorption of humic substances by Ca-saturated
clays were established in two preliminary studies. In the first study, the influ-
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consisted of 250 ml of 0.0025M H2SO4 was also incubated in a similar man-
ner. Each treatment and control were replicated twice and incubated at
24:t0.7°C. To insure that no clays were removed when aliquots were with-
drawn, all suspensions were centrifuged at 1962g for 0.5 h prior to sampling.
Ten ml aliquots were removed from all samples at 42, Ill, 184,386,477,
570, 663, 783, 936, and 1176 h. The aliquots were placed in plastic bottles
and stored at 5 ° C. At the time of sampling, pH was recorded using a combi-
nation electrode. After aliquot withdrawal, the tubes were shaken for approx-
imately 5 s before the incubation was continued. After 1176 h of incubation,
the clays were quantitatively transferred to plastic beakers and freeze-dried.
Procedures for clay weathering in 0.05M H2SO4 were similar to the 0.0025M
study, except the clays were contained in dialysis tubing during the incuba-
tion to aid in the removal of solution aliquots rather than using centrifuga-
tion, suspended in 1000 ml glass beakers, and incubated for 1320 h. After
freeze-drying, total clay weights were determined and compared to initial
amounts in order to calculate the percent weight loss. All aliquots were ana-
lyzed for Mg using atomic absorption and K using flame emission. The con-
centration of Si was determined colormetrical1y using the blue silicomolyb-
dous acid method of Hallmark et al. (1982). Concentrations of Al and Fe
were also determined colormetrically using the ferron-o-phenanthroline
method as described by Skougstad et al. (1979). A Beckman Du-20 spectro-
photometer was used for all colorimetric measurements.

RESULTS AND DISCUSSION

Sorption of humic and fulvic acids to clays

Studies of humic and fulvic acid sorption by soil clays were conducted to
determine the optimum pH and clay:HA or FA ratio for sorption. The sorp-
tion of humic and fulvic acids as a function of pH is presented in Table 1.
Although, there seems to be little effect of pH on sorption of fulvic acids,
sorption of humic acids by Ca-saturated clays was greatest atpH 6.0. It is also
apparent that more humic acids were sorbed than fulvic acids. The greater
sorption of humic acids than fulvic acids may be a function of polymer size.
Due to molecular weight differences, the binding of any humic acid entity
through anyone reactive site results in the sorption of a greater mass .than the
similar sorption of any givenfulvic acid entity. Because maximum or near
maximum sorption of humic and fulvic acids was attained using a pH of 6,
all subsequent sorptions were conducted at this pH.

The influence of clay:humic substance ratio on sorption was evaluated by
comparisons ofsorptions using ratios of20:1, 10:1, and 5:1. Although preci-
sion among triplicates in a given equilibration using the same humic sub-
stance specimen was quite good, considerable variation is evident among the
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TABLE 3

Organic carbon (OC) contents of unoxidized and oxidized clays and quantity of humic (HA) and
fulvic (FA) acids sorbed on clays used in the weathering studies

Clay Organic carbon content
(mg OC/g clay)

Oxidized
Unoxidized

7.7
14.8

H2SO4 Cone Humic substancea Quantity Sorbedb
(mgOC/gclay)

Organic carbon content
of oxidized clay with
sorbed HA or FA
(mg OC/g clay)

O.O5M Mollisol HA
Alfisol HA
Mollisol FA

24.1
25.8
13.0

16.4
18.1
5.3

O.OO25M Mollisol HA
Alfisol HA
Histosol FA

20.3
23.9
15.5

12.6
16.2
7.8

'Sources of humic substances were not from the same extractions between the two weathering studies.
bSorptions were conducted at pH 6 and a clay:HA and FA ratio of 20: I.

within the range examined, that capacity is attained irrespective of the amount
with which it is equilibrated. It can be noted that no differences were evident
between sources of humic acid (Mollisol versus Alfisol). Because the clays
have a given capacity to sorb humic substances, the percentage of humic and
fulvic acid sorbed by the clays increased as the amount of humic components
equilibrated with the clay fraction decreased (Table 2). Because sorption of
humic and fulvic acids was found to be independent of the clay:HAand FA
ratio, the 20: I clay:HA or FA ratio was arbitrarily selected for use in prepa-
ration of the clays for the subsequent weathering study. Direct comparisons
of the sorption of humic substances by clays with that reported in the litera-
ture must be interpretated with caution because most of these studies have
used clay mineral specimens rather than soil clays, various saturating cations,
and pH values. Nevertheless, the sorptions attained in the present study were
somewhat less than those attained for both humic and fulvic acids by Evans
and Russell (1959) with a kaolinite and a bentonite, humic acids by Rashid
et al. (1972) with an illite and a chlorite, and fulvic acids by Kodama and
Schnitzer (1974) with a kaolinite but greater than fulvic acids by Kodama
and Schnitzer (1974) with a bentonite and humic acids by Chin and Mills
( 1991 ) with a kaolinite.

Data for the sorption of humic substances by clays which were used in the
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are weaker than the AI-O bonds, the fonner are preferentially attacked by
protons (Shainberg et al., 1974). Less than 7% of the total K, which occupies
an interlayer position in clays was released. Similar K releases have been re-
ported by Feigenbaum and Shainberg (1975) for the dissolution of Fithian
illite in acidified dilute salt solutions. The quantities of Al and Fe released in
this study were much lower than that reported by Feigenbaum and Shainberg
(1975).

Other than a slight decrease in the amount of Mg released from clays with
sorbed humic substances, there were no detectable differences in the amounts
of cations released among the various clays used in the 0.05M H2SO4 weath-
ering study (Table 4). One explanation may be that the acid strength was so
strong that any mollifying influence of the sorbed humic substances was
masked. Quite possibly, the buffering capacity of the exchange complex of the
clays and humic substances is inadequate to afford any protection from acid
attack with the high H+ concentration involved. The magnitude of clay dis-
solution is shown in Table 5. Twenty-one to 24% of the clay was dissolved
after 1320 h incubation in 0.05M H2SO4. Irrespective of the extent of clay
dissolution, no differences could be detected in mineralogy with X-ray dif-
fraction between pre and post weathering clays. This suggests that acid weath-
ering congruently attacks the clay minerals present in the soil clay mineral
suite or that X-ray diffraction does not provide sufficient sensitivity. X-ray
analysis indicated that the soil clay suite utilized in the weathering study con-
sists of25 to 35% clay mica, 25 to 35% venniculite, 25 to 35% smectite inter-
stratified with other 2: 1 minerals, and 5 to 15% kaolinite. The clay suite has
a cation exchange capacity of 84 cmolc kg-I.

In order to detennine if an influence of humic substances could be detected
on the weathering of soil clays under a less intense weathering environment
which is more representative of a natural soil environment, a second weath-
ering study was initiated in which the acid strength was reduced to 0.0025M.
Only Mg and K concentrations were monitored in the second weathering study
because they were found to be the primary cations released in the fonner study.

TABLE 5

Percentage of clay fraction dissolved after 1320 h incubation in 0.05M H2SO4

Clays Clay dissolveda
(Ufo)

Oxidized
Unoxidized
Ox. clay + Mollisol HA
Ox. clay + Alfisol HA
Ox. clay + Mollisol FA

22.5
23.7
21.2
22.9
23.4

"All values are averages of two replicates with standard deviations reported in parentheses.

(0.4)
(0.5)(0.1 

)
(0)
(0.2)
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Five to 19% of the total Mg was released by the clays after 1176 h of incu-
bation in O.OO25M H2SO4 (Table 8). Clays oxidized with H2O2 released ap-
proximately three times more Mg than clays with indigenous or sorbed humic
substances. Quantities of Mg released from clays with indigenous organic
matter were similar to clays with sorbed humic substances. These data suggest
that clay weathering, as measured by Mg release, is reduced by the presence
of either indigenous or sorbed humic substances. No weathering differences
with respect to Mg release could be detected between clays with sorbed humic
vs. fulvic acids and between sources (Mollisol or Alfisol) of humic sub-
stances. Considerably more Mg than K was released from all clays. As indi-
cated previously, the high release of Mg suggests that there is preferential dis-
solution of the octahedral sheet. Alternatively, Mg may have been released
from Mg-hydroxy material in interlayer positions. However, not only is there
no evidence that such chlorite-type interlaying exists in this clay suite, but it
seems very unlikely that the large quantities ofMg released could have origi-
nated entirely from the clay interlayers.

The extent of clay dissolution by O.OO25M H2SO4 is reported in Table 9.
Consistent with Mg release, there was less dissolution of clays coated with
indigenous or sorbed humic substances than of the oxidized clays. In addi-
tion, it is apparent that more clay with indigenous humic substances dis-
solved than those with sorbed humic substances. This suggests that clays with
sorbed humic substances are better protected from acid attack than clays with
indigenous organic matter but it must be noted that the clays with sorbed
humic acids contain more organic carbon than the untreated clays (Table 3).

TABLES

Cation release expressed as mole ratios., percentage of total cationb released, and mmol kg-I clay
after incubation in O.OO25M H2SO4

Cations released by claysClays

Mg K
(mmolkg-1 clay)"

Mg
(%)

K
(%)

KMg
(mole ratios)

41(0.2)
13(0)
12(0)

4(0)
4(0.2)
5(0.1)

1.0
1.0
1.0

18.6
5.9
5.4

0.8
0.8
1.1

Oxidized
Unoxidized
Ox. clay +
Mollisol HA
Ox. clay +
AlfisolHA
Ox. clay+
Histosol FA

10.3
3.3
2.4

0.8 12(0)3.0 .0 5.4

0.6 12(0.2)4.0 .0 5.4

aMole ratios arbitrarily based on K.
bPercent total cation release, calculated by (mmol of cation in solution) / (total mmol in clay) X 100.
cAli values are averages of two replicates with standard deviations provided in parentheses.
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TABLE 9

Percentage of the clay fraction dissolved after 1176 h incubation in O.OO25M H2SO4

Clay dissolved"Clay

5.8(0.3)
2.6(0.2)
0.5(0.1)
0.2(0)
0.5(0)

Oxidized
Unoxidized
Ox. clay + Mollisol HA
Ox. clay + Alfisol HA
Ox. clay + Histosol FA

aA11 values are averages of two replicates With standard deviations provided in parentheses.

Several explanations are offered for the reduction in clay dissolution and
Mg release from clays with either indigenous organic matter or sorbed humic
substances. First, the functional groups of the humic substance will act as a
proton acceptor. Consequently, protons available to attack the clay structure
are reduced. Calculations indicate that the cation exchange capacity of the
sorbed humic substances (0.093 mmolc) is of the same order of magnitude as
the reduction in cation release afforded by the sorbed humic substances (0.086
mmolc). Second, the indigenous or sorbed humic substances may act as a
physical barrier which restricts the movement of protons and other cations to
and from the clay surfaces. Chin and Mills ( 1991 ) have offered similar expla-
nations for inhibition, by a soil humic acid, of kaolinite dissolution relative
to dissolution observed in the abscence of a ligand. Finally because the humic
substances are fully protonated under these acid conditions, no significant
chelation of clay cations can occur. It is probable that all of the factors attrib-
utable to coatings of humic substances may contribute to a decrease in clay
mineral weathering.

CONCLUSIONS

Whereas the sorption of fulvic acids by a soil clay was independent of pH
in the range 4 to 6, humic acid sorption was highest at pH 6. In addition,
sorption was found to be independent of the ratio of clay:HA or FA. Similar
quantities of Alfisol and Mollisol humic acids were sorbed. These findings
suggest that the clay fraction, under the conditions imposed, has a fixed ca-
pacity to sorb humic substances and that capacity is attained irrespective of
the amount with which it is equilibrated.

Essentially no differences were found in the amount of cations released and
clay dissolved among clays with organic matter removed, clays with indige-
nous organic matter, and clays with sorbed humic substances which were
weathered in O.O5M H2SO4 except for slightly less Mg release from the latter.
However, when clays were incubated in O.OO25M H2SO4, the amount of clay



75WEATHERING OF SOIL CLAYS WITH DILUTE SULFURIC ACID

dissolved and Mg released from clays was dramatically reduced by the pres-
ence of indigenous organic matter or sorbed humic substances. No weather-
ing differences with respect to Mg release could be detected between clays
with sorbed humic versus fulvic acids or between sources (Mollisol, Alfisol
or Histosol) of humic substances. However, more clay with indigenous or-
ganic matter was dissolved than clays with sorbed humic substances. In con-
clusion, there is evidence to suggest that organic matter and/or humic sub-
stances sorbed to clays retard clay mineral weathering in acid environments.
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